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CONVERSION OF APOPTOTIC PROTEINS 

RELATED APPLICATIONS 

This application claims priority of US. Provisional Appli 
cation No. 60/433,535, ?led Dec. 12, 2002, herein incorpo 
rated by reference in its entirety. 

This invention Was made in part With United States 
government support under grant numbers NIH CA60988, 
CA8700, and GM60554 aWarded by the National Institutes 
of Health, and USARMY PCRP-001590 and BC-001182 
aWarded by the Department of Defense. The US. govern 
ment has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Compounds are provided herein that bind to Bcl-2-family 

member peptides and alter their apoptosis regulatory func 
tion. More speci?cally, the use of peptides expressed by the 
TR3 gene or chemical compounds that mimic the effects of 
TR3 to induce Bcl-2 or Bcl-XL to have a pro-apoptotic effect 
and to induce a conformational change, and the use of the 
protein TCTP or chemical compounds that mimic the effects 
of TCTP to induce Bcl-XL to have a pro-apoptotic effect, are 
described. 

2. Description of the Related Art 
Apoptosis, also knoWn as programmed cell death, is a 

physiological process through Which the body disposes of 
unneeded or undesirable native cells. The process of apop 
tosis is used during development to remove cells from areas 
Where they are no longer required, such as the interior of 
blood vessels or the space betWeen digits. Apoptosis is also 
important in the body’s response to disease. Cells that are 
infected With some viruses can be stimulated to undergo 
apoptosis, thus preventing further replication of the virus in 
the host organism. 

Impaired apoptosis due to blockade of the cell death 
signaling pathWays is involved in tumor initiation and 
progression, since apoptosis normally eliminates cells With 
increased malignant potential such as those With damaged 
DNA or aberrant cell cycling (White, 1996, Genes Dev, 
10:1—15). The majority of solid tumors are protected by at 
least one of the tWo cell death antagonists, Bcl-2 or Bcl-XL. 
Members of the Bcl-2-family are knoWn to modulate apo 
ptosis in different cell types in response to various stimuli. 
Some members of the family act to inhibit apoptosis, such 
as Bcl-2 and Bcl-XL, While others, such as BAX, BAK, Bid, 
and Bad, promote apoptosis. The ratio at Which these 
proteins are expressed can decide Whether a cell undergoes 
apoptosis or not. For instance, if the Bcl-2 level is higher 
than the BAX level, apoptosis is suppressed. If the opposite 
is true, apoptosis is promoted. Bcl-2 overexpression con 
tributes to cancer cell progression by preventing normal cell 
turnover caused by physiological cell death mechanisms, 
and has been observed in a majority of cancers (Reed, 1997, 
Sem Hematol, 34:9—19; BuolamWini, 1999, Curr Opin 
Chem Biol, 3:500—509). The expression levels of Bcl-2 
proteins often correlate With resistance to a Wide spectrum of 
chemotherapeutic drugs and y-radiation therapy. Paradoxi 
cally, high levels of Bcl-2 also associate With favorable 
clinical outcomes for patients With some types of cancers. 
Therefore, Bcl-2 represents an excellent target for the treat 
ment of cancer, especially those in Which Bcl-2 is overex 
pressed and for Which traditional therapy has failed. 

Biological approaches targeted at Bcl-2 using antisense 
oligonucleotides have been shoWn to enhance tumor cell 
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2 
chemosensitivity. Bcl-2 antisense oligonucleotides in com 
bination With chemotherapy are currently in phase II/III 
clinical trials for the treatment of patients With lymphoma 
and malignant melanoma, and further trials With patients 
With lung, prostate, renal, or breast carcinoma are ongoing 
or planned (Reed, 1997, supra; Piche et al., 1998, Cancer 
Res 2134—2140; Webb et al., 1997, Lancet, 349:1137—1141; 
Jansen et al., 1998, Nat Med 4:232—234; Waters et al., 2000, 
J Clin Oncol 18:1812—1823). Recently, cell-permeable 
Bcl-2 binding peptides and chemical inhibitors that target 
Bcl-2 have been developed, and some of them have been 
shoWn to induce apoptosis in vitro and in vivo (Finnegan et 
al., 2001, Br J Cancer 85:115—121; Enyedy et al., 2001, J 
Med Chem 44:4313—4324; TZung et al., 2001, Nat Cell Biol 
3:183—191; Degterev et al., 2001, Nat Cell Bio 3:173—182). 
One Well-established apoptotic pathWay involves mito 

chondria (Green and Reed, 1998, Science 281: 1309—1312; 
Green and Kroemer, 1998, Trends Cell Biol 8: 267—271). 
Cytochrome c is exclusively present in mitochondria and is 
released from mitochondria in response to a variety of 
apoptotic stimuli. Many Bcl-2-family proteins reside on the 
mitochondrial outer membrane. Bcl-2 prevents mitochon 
drial disruption and the release of cytochrome c from 
mitochondria, While BAX and BAK create pores in mito 
chondrial membranes and induce cytochrome c release. 
Recent evidence has indicated, hoWever, that Bcl-2 under 
certain conditions can function as a pro-apoptotic molecule 
(Finnegan et al., 2001, supra; Fujita et al., 1998, Biochem 
Biophys Res Commun 246:484-488; Fadeel et al., 1999, 
Leukemia 13:719—728; Grandgirard et al., 1998, EMBO J 
17:1268—1278; Cheng et al., 1997, Science 278:1966—1968; 
Del Bello et al., 2001, Oncogene 20:4591—4595). Bcl-2 can 
be cleaved by caspase-3 and thus be converted to a pro 
apoptotic protein similar to BAX (Cheng et al., 1997, supra). 
Conversely, BAX has also been shoWn to inhibit neuronal 
cell death When infected With Sinbis virus (LeWis et al., 
1999, Nat Med 5:832—835). These observations suggest that 
members of the Bcl-2-family have reversible roles in the 
regulation of apoptosis and have the potential to function 
either as a pro-apoptotic or anti-apoptotic molecule. 
Members of the Bcl-2-family of proteins are highly 

related in one or more speci?c regions, commonly referred 
to as Bcl-2 homology (BH) domains. BH domains contrib 
ute at multiple levels to the function of these proteins in cell 
death and survival. The BH3 domain, an amphipathic ot-he 
lical domain, Was ?rst delineated as a stretch of 16 amino 
acids in Bak that is required for this protein to heterodimer 
iZe With anti-apoptotic members of the Bcl-2-family and to 
promote cell death. All proteins in the Bcl-2-family contain 
a BH3 domain, and this domain can have a death-promoting 
activity that is functionally important. The BH3 domain acts 
as a potent “death domain” and there is a family of pro 
apoptotic proteins that contain BH3 domains Which dimeriZe 
via those BH3 domains With Bcl-2, Bcl-XL and other anti 
apoptotic members of the Bcl-2 family. Structural studies 
revealed the presence of a hydrophobic pocket on the 
surface of Bcl-XL and Bcl-2 that binds the BH3 peptide. 
Interestingly, the anti-apoptotic proteins Bcl-XL and Bcl-2 
also possess BH3 domains, but in these anti-apoptotic pro 
teins, the BH3 domain is buried in the core of the protein and 
not exposed for dimeriZation. (Kelekar and Thompson, 
1998, Trends Cell Biol 8:324). NMR structural analysis of 
the Bcl-XL/Bak BH3 peptide complex shoWed that the Bak 
BH3 domain binds to the hydrophobic cleft formed in part 
by the BH1, BH2 and BH3 domains of Bcl-XL (Sattler, 
1997, Science 275:983; Degterev, 2001, Nature Cell Biol 
3:173—182). BH3-domain-mediated homodimeriZations and 
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heterodimeriZations have a key role in regulating apoptotic 
functions of the Bcl-2-family (DiaZ et al., 1997, J Biol Chem 
272111350; Degterev, 2001, Nature Cell Biol 31173—182). 

The orphan receptor TR3 (also knoWn as nur77 or nerve 
groWth factor-induced clone B NGFI-B) (Chang and Kokon 
tis, 1988, Biochem Biophys Res Commun 1551971; HaZel et 
al., 1988, Proc NatlAcaa' Sci USA 8518444) functions as a 
nuclear transcription factor in the regulation of target gene 
expression (Zhang and Pfahl, 1993, Trends Endocrinol. 
Metab. 41156—162; Tsai and O’Malley, 1994, Annu Rev 
Biochem 631451; Kastner et al., 1995, Cell 831859; 
Mageldorf and Evens, 1995, Cell 831841). TR3 Was origi 
nally isolated as an immediate-early gene rapidly expressed 
in response to serum or phorbol ester stimulation of quies 
cent ?broblasts (HaZel et al., supra; Ryseck, et al., 1989, 
EMBOJ 813327; Nakai et al., 1990, MolEna'ocrinol 411438; 
Herschman, 1991, Annul Rev Biochem. 601281). Other 
diverse signals, such as membrane depolariZation and nerve 
groWth factor, also increase TR3 expression (Yoon and Lau, 
1993, J Biol Chem 26819148). TR3 is also involved in the 
regulation of apoptosis in different cell types (WoronicZ et 
al., 1994, Nature 3671277; Liu et al., 1994, Nature 3671281; 
Weih et al., Proc NatlAcaa' Sci USA 9315533; Chang et al., 
1997, EMBO J 1611865; Li et al., 1998, Mol Cell Biol 
1814719; Uemura and Chang, 1998, Endocrinology 1291 
2329; Young et al., 1994, Oncol. Res. 61203). It is rapidly 
induced during apoptosis of immature thymocytes and T-cell 
hybridomas (WoronicZ et al., supra; Liu et al., supra), in lung 
cancer cells treated With the synthetic retinoid 6-[3-(1 
adamantyl)-4-hydroxyphenyl]-2-naphthalene carboxylic 
acid (AHPN) (Li et al., supra) (also called CD437), and in 
prostate cancer cells treated With different apoptosis induc 
ers (Uemura and Chang, supra; Young et al., supra). Inhi 
bition of TR3 activity by overexpression of dominant 
negative TR3 or its antisense RNA inhibits apoptosis, 
Whereas constitutive expression of TR3 results in massive 
apoptosis (Weih et al., supra; Cheng et al., supra). 

Further studies of TR3 have yielded a better understand 
ing of its mechanism of action in apoptosis (Li et al., 2000, 
Science 28911159). First, several apoptosis inducing agents 
Which also induced TR3 expression in human prostate 
cancer cells Were identi?ed. These included the AHPN 
analog 6-[3-(1-adamantyl)-4-hydroxyphenyl]-3-chloro-2 
naphthalenecarboxylic acid (MM11453), the retinoid (Z)-4 
[2-bromo-3-(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethyl-2 
naphthalenyl)propenoyl]benZoic acid (MM11384), the 
phorbol ester 12-O-tetradecanoyl phorbol-13-acetate (TPA), 
the calcium ionophore A23187, and the etoposide VP-16. 
Second, it Was found that the transactivation activity of TR3 
is not required for its role in inducing apoptosis, as demon 
strated by an experiment that shoWed that apoptosis induc 
ing agents blocked the expression of a TR3 target reporter 
gene. This Was further supported by the ?nding that a TR3 
mutant deprived of its DNAbinding domain (DBD) Was still 
competent for inducing apoptosis. Third, TR3 Was found to 
relocaliZe to the outer surface of the mitochondria in 
response to some apoptotic stimuli. TR3, visualiZed in vivo 
by tagging With Green Fluorescent Protein (GFP), Was 
shoWn to relocaliZe from the nucleus to the mitochondria in 
response to apoptosis-inducing agents. Fractionation studies 
shoWed that TR3 Was associating With the mitochondria 
enriched heavy membrane fraction, and proteolysis acces 
sibility studies on puri?ed mitochondria con?rmed that TR3 
Was associating With the outer surface of the mitochondria, 
Where Bcl-2-family members are also found. Fourth, TR3 
Was shoWn to be involved in the regulation of cytochrome c 
release from the mitochondria. Inhibition of TR3 activity by 
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4 
expression of TR3 antisense RNA blocked the release of 
cytochrome c and mitochondrial membrane depolariZation 
in cells stimulated With TPA and MM11453. Furthermore, 
incubating puri?ed mitochondria With recombinant TR3 
protein resulted in cytochrome c release. 

Li et al., 2000, supra, further explored the function of TR3 
through mutation of the protein. A TR3 mutant Which had 
the DNA binding domain (amino acid residues 168—467) 
removed (TR3/ADBD) no longer localiZed in the nucleus in 
non-stimulated cells, but instead Was consistently found in 
mitochondria. This localiZation phenotype Was accompanied 
by a constant release of cytochrome c from the mitochon 
dria. Three other deletion mutants Were also generated and 
assayed: an amino-terminal deletion of 152 amino acids 
referred to as TR3/A1, a 26 amino acid carboxy-terminal 
deletion referred to as TR3/A2, and a 120 amino acid 
carboxy-terminal deletion referred to as TR3/A3. The TR3/ 
A1 protein did not relocaliZe to the mitochondria in response 
to TPA, but maintained a nuclear localiZation. TR3/A1 had 
a dominant negative effect, preventing the relocaliZation of 
full-length TR3 to the mitochondria and inhibiting apopto 
sis. Mitochondrial targeting Was still observed in TR3/A2 
protein expressing cells, but not in TR3/A3 protein cells in 
response to TPA treatment. These results indicated that 
carboxy-terminal and amino-terminal sequences are crucial 
for mitochondrial targeting of TR3 and its regulation. 

Experiments designed to alter the localiZation of TR3/ 
ADBD by fusing it to various cellular localiZation signals 
shoWed that TR3 must have access to the mitochondria in 
order to induce its pro-apoptotic effect. When TR3/ADBD 
Was fused to a nuclear localiZation sequence, a plasma 
membrane targeting sequence, or an ER-targeting sequence, 
TR3/ADBD Was not targeted to the mitochondria and no 
induction of cytochrome c release Was observed. 
The translationally controlled tumor-associated protein 

(TCTP) is conserved across a Wide range of eukaryotes and 
shoWs no signi?cant sequence homology With any other 
proteins. The precise function of the family remains elusive. 
TCTP has been described as groWth related protein. TCTP 
Was originally identi?ed as a serum-inducible 23-kDa pro 
tein band that undergoes an early and prominent increase 
upon serum stimulation in tissue culture cells (Benndorf et 
al., 1988, Exp Cell Res 1741130). TCTP mRNA is expressed 
at constant levels in both groWing and nongroWing cells, and 
the translation is regulated by its polypyrimidine-rich 5‘ 
untranslated region (Bohm et al., 1991, Biomed Biochim 
Acta 5011193; 1741130). TCTP Was shoWn to be one of the 
?rst proteins to be induced in Ehrlich ascites tumor cells 
folloWing mitotic stimulation (Bohm et al., 1989, Biochem 
Int 191277) and has been found to be amongst a small group 
of Schizosaccharomyces pombe proteins that are repressed 
in response to conditions that arrest cell groWth, such as 
ammonium starvation (Bonnet C. et al., 2000, Yeast 16123). 
TCTP Was recently shoWn to be a tubulin-binding protein 
that dynamically interacts With microtubules during the cell 
cycle. In addition, TCTP levels in overexpressing cells Were 
correlated With microtubule stabiliZation and reduced 
groWth rate in vivo (Gachet et al., 1999, J Cell Sci 1121 
1257). The expression of TCTP also appears to be regulated 
at tWo distinct levels in response to the concentration of 
calcium in different cellular compartments. Whereas deple 
tion of the ER store causes an increase in TCTP mRNA 
abundance, increased cytosolic calcium concentrations 
regulate gene expression at the post-transcriptional level (Xu 
et al., 1999, Biochem J, 3421683). The solution structure of 
TCTP forms a structural superfamily With the Mss4/Dss4 
family of proteins, Which bind to the GDP/GTP-free form of 
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Rab proteins (members of the Ras superfamily) and have 
been termed guanine nucleotide-free chaperones (Thaw et 
al., 2001, Nat Struct Biol 8:701). 

The identi?cation of compounds having the ability to alter 
the activity of Bcl-2-family members from anti-apoptotic to 
pro-apoptotic Would have important therapeutic applica 
tions, for example, in the treatment of cancer and other 
diseases. 

SUMMARY OF THE INVENTION 

One aspect of the invention pertains to the discovery of 
molecules that modulate the activity of Bcl-2-family mem 
bers in their regulation of apoptosis. More speci?cally, it 
concerns regulators of apoptosis Which inhibit proteins such 
as Bcl-2 and Bcl-XL and can induce a conformational 
change in these proteins resulting in pro-apoptotic proper 
ties. 

The scope of the compositions and methods described 
herein includes the use of proteins and their respective 
genes, peptides, peptide analogs, antibodies, polynucle 
otides and small molecules to regulate the apoptotic effect of 
Bcl-2-family members. 

In one embodiment, a compound Which binds to Bcl-2 
and modulates the activity of Bcl-2 in a cell so as to be 
inductive of apoptosis, Without cleaving Bcl-2, is described. 
The compound can be a peptide, a peptidomimetic, an 
antibody or a small organic molecule. In one embodiment, 
the compound comprises TR3, Whereas in another embodi 
ment, the compound comprises the DCl region of TR3. In 
a further embodiment, the compound comprises an antibody 
Which mimics the action of TR3 on Bcl-2. 

In another embodiment, a compound Which binds to 
Bcl-XL and modulates the activity of Bcl-XL in a cell so as 
to be inductive of apoptosis, Without cleaving Bcl-XL,is 
disclosed. The compound can be a peptide, peptidomimetic, 
or a small organic molecule. In one embodiment, the com 
pound comprises TCTP, Whereas in another embodiment, 
the compound comprises a peptidomimetic Which mimics 
TCTP. 

Yet another embodiment of the invention is a method of 
inducing apoptosis in a mammalian cell, comprising con 
tacting the cell With an effective amount of a compound 
Which binds to Bcl-2 and modulates the activity of Bcl-2 so 
as to be inductive of apoptosis. Similarly, another embodi 
ment includes a method of inducing apoptosis in a mam 
malian cell, comprising contacting the cell With an effective 
amount of a compound Which binds to Bcl-XL and modu 
lates the activity of Bcl-XL in the cell so as to be inductive 
of apoptosis. 

Another embodiment of the invention includes a method 
of inhibiting apoptosis in a mammalian cell, comprising 
contacting the cell With an effective amount of a compound 
that prevents the binding of TR3 and Bcl-2. Another 
embodiment includes a method of inhibiting apoptosis in a 
mammalian cell, comprising contacting the cell With an 
effective amount of a compound that prevents the binding of 
TCTP and Bcl-XL. Another embodiment includes a method 
of identifying molecules that inhibit apoptosis by preventing 
binding of TR3 to Bcl-2 or binding of TCTP to Bcl-XL. 

Still another embodiment of the invention includes a 
method of identifying molecules that induce apoptosis, 
comprising determining the ability of said molecule to bind 
to a Bcl-2-family protein and modulate the activity of said 
protein so as to be inductive of apoptosis. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the results of a reporter gene assay in CV-l 
cells, Which demonstrates the inhibition of TR3-dependent 
transactivation by Bcl-2. 

FIG. 2 is a schematic representation of TR3 mutants, 
indicating the DNA-binding and ligand-binding domains of 
TR3. 

FIG. 3 is a schematic representation of Bcl-2 mutants With 
the Bcl-2 homology (BH) and loop domains and ot-helical 
region indicated. 

FIGS. 4a—c are graphs shoWing that eXpression of both 
TR3/ADBD and Bcl-2 results in apoptosis of lung cancer 
and breast cancer cells. 

FIG. 5 is a graph shoWing the effect of TR3 mutants on 
apoptotic potential of Bcl-2. 

FIG. 6 is a graph shoWing that the BH3 domain is 
involved in TR3/ADBD-induced apoptosis. 

FIG. 7 is a graph illustrating apoptosis in Bcl-XL over 
eXpressing cells induced by TCTP. 

FIG. 8 is a graph that illustrates that the BH3 domain of 
Bcl-XL is involved in TCTP induced apoptosis. 

FIGS. 9a—f is a series of graphs that illustrate the Bcl-2 
domain Which undergoes a conformational change When 
TR3 binds. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMOBODIMENT 

I. De?nitions and General Parameters 
The folloWing de?nitions are set forth to illustrate and 

de?ne the meaning and scope of the various terms used to 
describe the invention herein. 
As used herein, “pharmaceutically or therapeutically 

acceptable carrier” refers to a carrier medium Which does not 
interfere With the effectiveness of the biological activity of 
the active ingredients and Which is not toXic to the host or 
patient. 
As used herein, “stereoisomer” refers to a chemical com 

pound having the same molecular Weight, chemical compo 
sition, and constitution as another, but With the atoms 
grouped differently. That is, certain identical chemical moi 
eties are at different orientations in space and, therefore, 
When pure, have the ability to rotate the plane of polariZed 
light. HoWever, some pure stereoisomers may have an 
optical rotation that is so slight that it is undetectable With 
present instrumentation. The compounds described herein 
may have one or more asymmetrical carbon atoms and 
therefore include various stereoisomers. All stereoisomers 
are included Within the scope of the present invention. 
As used herein, “therapeutically- or pharmaceutically 

effective amount” as applied to the disclosed compositions 
refers to the amount of composition suf?cient to induce a 
desired biological result. That result can be alleviation of the 
signs, symptoms, or causes of a disease, or any other desired 
alteration of a biological system. For example, the result can 
involve a decrease and/or reversal of cancerous cell groWth. 
As used herein, “homology” or “identity” or “similarity” 

refers to sequence similarity betWeen tWo peptides or 
betWeen tWo nucleic acid molecules. Homology can be 
determined by comparing a position in each sequence Which 
may be aligned for purposes of comparison. When a position 
in the compared sequence is occupied by the same base or 
amino acid, then the molecules are identical at that position. 
A degree of homology or similarity or identity betWeen 
nucleic acid sequences is a function of the number of 
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identical or matching nucleotides at positions shared by the 
nucleic acid sequences. An “unrelated” or “non-homolo 
gous” sequence shares less than about 40% identity, though 
preferably less than about 25% identity, With one of the 
sequences described herein. 

In addition to peptides consisting only of naturally-oc 
curring amino acids, peptidomimetics or peptide analogs are 
also considered. Peptide analogs are commonly used in the 
pharmaceutical industry as non-peptide drugs With proper 
ties analogous to those of the template peptide. These types 
of non-peptide compounds are termed “peptide mimetics” or 
“peptidomimetics” (see, e.g., Luthman et al., 1996, A Text 
book of Drug Design and Development, 14:386—406, 2nd 
Ed., RarWood Academic Publishers; Grante, 1994, Angew 
Chem Int Ed Engl, 33:1699—1720; Fauchere, 1986, Adv 
Drug Res, 15:29; Evans et al., 1987, JMed Chem 30:229, all 
of Which are incorporated by reference). Peptide mimetics 
that are structurally similar to therapeutically useful peptides 
may be used to produce an equivalent or enhanced thera 
peutic or prophylactic effect. Generally, peptidomimetics are 
structurally similar to a paradigm polypeptide (i.e., a 
polypeptide that has a biological or pharmacological activ 
ity), such as naturally-occurring receptor-binding polypep 
tide, but have one or more peptide linkages optionally 
replaced by a linkage selected from the group consisting of: 
—CH2NH—, —CH2S—, —CH2—CH2—, —CH=CH— 
(cis and trans), —COCH2—, —CH(OH)CH2—, and 
—CH2SO—, by methods knoWn in the art and further 
described in the folloWing references: Spatola, 1983, In, 
Chemistry and Biochemistry ofAmino Acids, Peptides, and 
Proteins, B. Weinstein, eds., Marcel Dekker, NeW York, p. 
267; Hudson et al., 1979, Int J Pept Prot Res 14:177—185 
(1979) (—CH2NH—, CH2CH2—); Spatola et al., 1986, Life 
Sci 38:1243—1249 (—CH2—S); Hann, 1982, J Chem Soc 
Perkins Trans 1, 307—314 (—CH—CH—, cis and trans); 
Almquist et al., 1980, J Med Chem 23:1392—1398 
(—COCH2—); Jennings-White et al., 1982, Tetrahedron 
Lett 23:2533 (—COCH2—); SZelke, et al., European Appln. 
EP 45665 (1982) (—CH(OH)CH2—); Holladay et al., 1983, 
Tetrahedron Lett 24:4401—4404 (—C(OH)CH2—); and 
Hruby, 1982, Life Sci, 31:189—199 (—CH2—S—); each of 
Which is incorporated herein by reference. A particularly 
preferred non-peptide linkage is —CH2NH—. Such peptide 
mimetics may have signi?cant advantages over polypeptide 
embodiments, including, for example: more economical 
production, greater chemical stability, enhanced pharmaco 
logical properties (half-life, absorption, potency, efficacy, 
etc.), altered speci?city (e. g., a broad-spectrum of biological 
activities), reduced antigenicity, and others. Labeling of 
peptidomimetics usually involves covalent attachment of 
one or more labels, directly or through a spacer (e.g., an 
amide group), to non-interfering position(s) on the peptido 
mimetic that are predicted by quantitative structure-activity 
data and/or molecular modeling. Such non-interfering posi 
tions generally are positions that do not form direct contacts 
With the macromolecules(s) (e.g., immunoglobulin super 
family molecules) to Which the peptidomimetic binds to 
produce the therapeutic effect. DerivitiZation (e.g., labeling) 
of peptidomimetics should not substantially interfere With 
the desired biological or pharmacological activity of the 
peptidomimetic. Generally, peptidomimetics of receptor 
binding peptides bind to the receptor With high af?nity and 
possess detectable biological activity (i.e., are agonistic or 
antagonistic to one or more receptor-mediated phenotypic 
changes). 

Systematic substitution of one or more amino acids of a 
consensus sequence With a D-amino acid of the same type 
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(e.g., D-lysine in place of L-lysine) may be used to generate 
more stable peptides. In addition, constrained peptides com 
prising a consensus sequence or a substantially identical 
consensus sequence variation may be generated by methods 
knoWn in the art (RiZo, et al., 1992, Annu Rev Biochem 
61:387 (1992), incorporated herein by reference); for 
example, by adding internal cysteine residues capable of 
forming intramolecular disul?de bridges Which cycliZe the 
peptide. 

Synthetic or non-naturally occurring amino acids refer to 
amino acids Which do not naturally occur in vivo but Which, 
nevertheless, can be incorporated into the peptide structures 
described herein. Preferred synthetic amino acids are the 
D-ot-amino acids of naturally occurring L-ot-amino acid as 
Well as non-naturally occurring D- and L-ot-amino acids 
represented by the formula HZNCHRSCOOH Where R5 is 1) 
a loWer alkyl group, 2) a cycloalkyl group of from 3 to 7 
carbon atoms, 3) a heterocycle of from 3 to 7 carbon atoms 
and 1 to 2 heteroatoms selected from the group consisting of 
oxygen, sulfur, and nitrogen, 4) an aromatic residue of from 
6 to 10 carbon atoms optionally having from 1 to 3 sub 
stituents on the aromatic nucleus selected from the group 
consisting of hydroxyl, loWer alkoxy, amino, and carboxyl, 
5)-alkylene-Y Where alkylene is an alkylene group of from 
1 to 7 carbon atoms and Y is selected from the group 
consisting of (a) hydroxy, (b) amino, (c) cycloalkyl and 
cycloalkenyl of from 3 to 7 carbon atoms, (d) aryl of from 
6 to 10 carbon atoms optionally having from 1 to 3 sub 
stituents on the aromatic nucleus selected from the group 
consisting of hydroxyl, loWer alkoxy, amino and carboxyl, 
(e) heterocyclic of from 3 to 7 carbon atoms and 1 to 2 
heteroatoms selected from the group consisting of oxygen, 
sulfur, and nitrogen, —C(O)R2 Where R2 is selected from 
the group consisting of hydrogen, hydroxy, loWer alkyl, 
loWer alkoxy, and —NR3R4 Where R3 and R4 are indepen 
dently selected from the group consisting of hydrogen and 
loWer alkyl, (g) —S(O)nR6 Where n is an integer from 1 to 
2 and R6 is loWer alkyl and With the proviso that R5 does not 
de?ne a side chain of a naturally occurring amino acid. 

Other preferred synthetic amino acids include amino acids 
Wherein the amino group is separated from the carboxyl 
group by more than one carbon atom such as beta ([3) 
alanine, gamma (y)-aminobutyric acid, and the like. 

Particularly preferred synthetic amino acids include, by 
Way of example, the D-amino acids of naturally occurring 
L-amino acids, L-(1-naphthyl)-alanine, L-(2-naphthyl)-ala 
nine, L-cyclohexylalanine, L-2-aminoisobutyric acid, the 
sulfoxide and sulfone derivatives of methionine (i.e., 
HOOC—(H2NCH)CH2CH2—S(O),LR6) Where n and R6 are 
as de?ned above as Well as the loWer alkoxy derivative of 

methionine (i.e., HOOC—(H2NCH)CH2CH2—OR6 Where 
R is as de?ned above). 

II. OvervieW 
Compounds that bind to Bcl-2-family members and alter 

their function in apoptosis are also provided. These com 
pounds include “lead” peptide compounds and “derivative” 
compounds constructed so as to have the same or similar 
molecular structure or shape as the lead compounds but that 
differ from the lead compounds either With respect to 
susceptibility to hydrolysis or proteolysis and/or With 
respect to other biological properties, such as increased 
af?nity for the receptor. 
The examples described herein demonstrate that the 

nuclear-to-mitochondrial pathWay of TR3 can be extended 
to lung and breast cancer cells. In addition, it is shoWn that 
Bcl-2 acts as a mitochondrial receptor of TR3 through their 
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physical interaction. In response to various apoptotic 
stimuli, the expression of the TR3 protein is increased and 
its localization is altered from nuclear to cytoplasmic, more 
speci?cally to the outer member of mitochondria. This 
association With the mitochondria is the result of binding to 
the Bcl-2, Whose normal function is the inhibition of apo 
ptosis, particularly the inhibition of the release of cyto 
chrome c from the mitochondria. High expression of TR3/ 
ADBD (a form of TR3 Without its DNA-binding domain) 
induces cytochrome c release and apoptosis only in cells 
expressing Bcl-2, indicating that TR3 modulates the func 
tion of Bcl-2 from anti-apoptotic to pro-apoptotic, Without 
cleaving the Bcl-2 protein. Further data shoW that TR3 
induces a conformational change in Bcl-2 Which may cause 
the function of Bcl-2 to be modi?ed from an anti-apoptotic 
to a pro-apoptotic protein. Mutational analysis indicated that 
the C-terminal domain of TR3, Which contains several 
ot-helices, is responsible for interacting With Bcl-2. A small 
fragment With only 69 amino acids (DC1) is suf?cient for 
interacting With Bcl-2 and inducing apoptotic potential of 
Bcl-2. When analyZing the Bcl-2 domains involved in the 
interaction, it Was observed that mutations in the hydropho 
bic pocket of Bcl-2 did not affect its interaction With TR3. 
Moreover, the N-terminal domain of Bcl-2, containing the 
loop region and BH4 domain, Was able to interact With 
TR3/ADBD. Deletion of BH4 domain from Bcl-2 did not 
affect the interaction of TR3/ADBD With Bcl-2, implying 
that the loop region of Bcl-2 Was responsible for interaction. 
In addition, DC1 and BH3-only Bcl-Gs did not compete for 
binding to Bcl-2. Instead, Bcl-Gs enhanced the binding of 
DC1 to Bcl-2. Thus, Bcl-2 Was found to interact With TR3 
in a manner that is different from its interaction With 
Bcl-2-family proteins containing only the BH3 domain. 

Speci?c interaction of TR3 With Bcl-2 is essential for TR3 
to target mitochondria and results in conversion of Bcl-2 
from an anti-apoptotic to a pro-apoptotic molecule. Con 
comitantly, the conformation of Bcl-2 is changed by TR3 
resulting in the exposure of the otherWise hidden BH3 
domain. Peptides derived from the speci?c Bcl-2-interacting 
domain of TR3, such as DC1, Will mimic its effect, as Will 
peptide analogs and small molecules designed to mimic the 
binding properties of the peptides. Further, antibodies may 
be identi?ed Which also mimic the effect of TR3. Peptides, 
antibodies, analogs, and small molecules that speci?cally 
interact With Bcl-2 Will effectively induce apoptosis of 
cancer cells, thus restricting tumor groWth. In addition, the 
results provide a molecular basis for developing various 
agents for treating cancers and other therapeutic applica 
tions. 

Similarly, TCTP Was identi?ed as another apoptosis regu 
latory molecule Which binds to an anti-apoptotic Bcl-2 
related protein. While overexpression of TCTP in cells 
induces apoptosis, this induction is even more pronounced 
When the Bcl-XL is co-expressed With it; like TR3, TCTP is 
converting an anti-apoptotic protein to a pro-apoptotic pro 
tein. Peptides, peptide analogs, and small molecules that 
mimic the binding of TCTP to Bcl-XL Will also act to induce 
apoptosis. 
III. Preparation of Peptides and Peptide Mimetics 

A. Solid Phase Synthesis 
The peptides disclosed herein can be prepared by classical 

methods knoWn in the art, for example, by using standard 
solid phase techniques. The standard methods include exclu 
sive solid phase synthesis, partial solid phase synthesis 
methods, fragment condensation, classical solution synthe 
sis, and even recombinant DNA technology. See, e.g., Mer 
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ri?eld, 1963, J Am Chem Soc 85:2149, incorporated herein 
by reference. On solid phase, the synthesis is typically 
commenced from the C-terminal end of the peptide using an 
alpha-amino protected resin. A suitable starting material can 
be prepared, for instance, by attaching the required alpha 
amino acid to a chloromethylated resin, a hydroxymethyl 
resin, or a benZhydrylamine resin. One such chloromethy 
lated resin is sold under the tradename BIO-BEADS SX-1TM 
by Bio Rad Laboratories (Richmond, Calif.) and the prepa 
ration of the hydroxymethyl resin is described by Bodon 
sZky et al., 1966, Chem Ind (London), 38:1597. The ben 
Zhydrylamine (BHA) resin has been described by Pietta and 
Marshall, 1970, Chem Comm 650, and is commercially 
available from Beckman Instruments, Inc. (Palo Alto, Calif.) 
in the hydrochloride form. 

Thus, the compounds disclosed herein can be prepared by 
coupling an alpha-amino protected amino acid to the chlo 
romethylated resin With the aid of, for example, a cesium 
bicarbonate catalyst, according to the method described by 
Gisin, 1973, Helv Chim Acta 56:1467. After the initial 
coupling, the alpha-amino protecting group is removed by a 
choice of reagents including tri?uoroacetic acid (TFA) or 
hydrochloric acid (HCl) solutions in organic solvents at 
room temperature. 
The alpha-amino protecting groups are those knoWn to be 

useful in the art of stepWise synthesis of peptides. Included 
are acyl type protecting groups (e.g., formyl, tri?uoroacetyl, 
acetyl), aromatic urethane type protecting groups (e.g., 
benZyloxycarboyl (CbZ) and substituted CbZ), aliphatic ure 
thane protecting groups (e.g., t-butyloxycarbonyl (Boc), 
isopropyloxycarbonyl, cyclohexyloxycarbonyl) and alkyl 
type protecting groups (e.g., benZyl, triphenylmethyl). Boc 
and Fmoc are preferred protecting groups. The side-chain 
protecting group remains intact during coupling and is not 
split off during the deprotection of the amino-terminus 
protecting group or during coupling. The side-chain protect 
ing group must be removable upon the completion of the 
synthesis of the ?nal peptide and under reaction conditions 
that Will not alter the target peptide. 
The side-chain protecting groups for Tyr include tetrahy 

dropyranyl, tert-butyl, trityl, benZyl, CbZ, Z-Br-CbZ, and 
2,5-dichlorobenZyl. The side-chain protecting groups for 
Asp include benZyl, 2,6-dichlorobenZyl, methyl, ethyl, and 
cyclohexyl. The side-chain protecting groups for Thr and 
Ser include acetyl, benZoyl, trityl, tetrahydropyranyl, ben 
Zyl, 2,6-dichlorobenZyl, and CbZ. The side-chain protecting 
group for Thr and Ser is benZyl. The side-chain protecting 
groups for Arg include nitro, Tosyl (Tos), CbZ, adamanty 
loxycarbonyl mesitoylsulfonyl (Mts), or Boc. The side 
chain protecting groups for Lys include CbZ, 2-chloroben 
Zyloxycarbonyl (2Cl-CbZ), 2-bromobenZyloxycarbonyl 
(Z-BrCbZ), Tos, or Boc. 

After removal of the alpha-amino protecting group, the 
remaining protected amino acids are coupled stepWise in the 
desired order. An excess of each protected amino acid is 
generally used With an appropriate carboxyl group activator 
such as dicyclohexylcarbodiimide (DCC) in solution, for 
example, in methylene chloride (CHZCIZ), dimethyl forma 
mide (DMF) mixtures. 

After the desired amino acid sequence has been com 
pleted, the desired peptide is decoupled from the resin 
support by treatment With a reagent such as tri?uoroacetic 
acid or hydrogen ?uoride (HF), Which not only cleaves the 
peptide from the resin, but also cleaves all remaining side 
chain protecting groups. When the chloromethylated resin is 
used, hydrogen ?uoride treatment results in the formation of 
the free peptide acids. When the benZhydrylamine resin is 
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used, hydrogen ?uoride treatment results directly in the free 
peptide amide. Alternatively, When the chloromethylated 
resin is employed, the side chain protected peptide can be 
decoupled by treatment of the peptide resin With ammonia to 
give the desired side chain protected amide or With an 
alkylamine to give a side chain protected alkylamide or 
dialkylamide. Side chain protection is then removed in the 
usual fashion by treatment With hydrogen ?uoride to give 
the free amides, alkylamides, or dialkylamides. 

These solid phase peptide synthesis procedures are Well 
knoWn in the art and further described by SteWart and 
Young, Solid Phase Peptide Syntheses (2nd Ed., Pierce 
Chemical Company, 1984). 

B. Synthetic Amino Acids 
These procedures can also be used to synthesiZe peptides 

in Which amino acids other than the 20 naturally occurring, 
genetically encoded amino acids are substituted at one, tWo, 
or more positions of any of the compounds describedherein. 
For instance, naphthylalanine can be substituted for tryp 
tophan, facilitating synthesis. Other synthetic amino acids 
that can be substituted into the peptides include L-hydrox 
ypropyl, L-3,4-dihydroxy-phenylalanyl, amino acids such as 
L-d-hydroxylysyl and D-d-methylalanyl, L-ot-methylalanyl, 
[3 amino acids, and isoquinolyl. D amino acids and non 
naturally occurring synthetic amino acids can also be incor 
porated into the peptides. 

One can replace the naturally occurring side chains of the 
20 genetically encoded amino acids (or D amino acids) With 
other side chains, for instance With groups such as alkyl, 
loWer alkyl, cyclic 4-, 5-, 6-, to 7-membered alkyl, amide, 
amide loWer alkyl, amide di(loWer alkyl), loWer alkoxy, 
hydroxy, carboxy and the loWer ester derivatives thereof, 
and With 4-, 5-, 6-, to 7-membered hetereocyclic. In par 
ticular, proline analogs in Which the ring siZe of the proline 
residue is changed from 5 members to 4, 6, or 7 members 
can be employed. Cyclic groups can be saturated or unsat 
urated, and if unsaturated, can be aromatic or non-aromatic. 
Heterocyclic groups preferably contain one or more nitro 
gen, oxygen, and/or sulphur heteroatoms. Examples of such 
groups include the furaZanyl, furyl, imidaZolidinyl, imida 
Zolyl, imidaZolinyl, isothiaZolyl, isoxaZolyl, morpholinyl 
(e.g. morpholino), oxaZolyl, piperaZinyl (e.g., 1-piperaZi 
nyl), piperidyl (e.g., 1-piperidyl, piperidino), pyranyl, 
pyraZinyl, pyraZolidinyl, pyraZolinyl, pyraZolyl, pyridaZi 
nyl, pyridyl, pyrimidinyl, pyrrolidinyl (e.g., 1-pyrrolidinyl), 
pyrrolinyl, pyrrolyl, thiadiaZolyl, thiaZolyl, thienyl, thiomor 
pholinyl (e.g., thiomorpholino), and triaZolyl. These hetero 
cyclic groups can be substituted or unsubstituted. Where a 
group is substituted, the substituent can be alkyl, alkoxy, 
halogen, oxygen, or substituted or unsubstituted phenyl. 

One can also readily modify the peptides by phosphory 
lation (see, e.g., BannWarth et al., 1996, Biorganic and 
Medicinal Chemistry Letters, 6(17):2141—2146), and other 
methods for making peptide derivatives of the compounds 
disclosed herein are described in Hruby et al., 1990, Bio 
chemJ 268:249—262. Thus, the peptide compounds can also 
serve as a basis to prepare peptide mimetics With similar 
biological activity. 
C. Terminal Modi?cations 

Those of skill in the art recogniZe that a variety of 
techniques are available for constructing peptide mimetics 
With the same or similar desired biological activity as the 
corresponding peptide compound but With more favorable 
activity than the peptide With respect to solubility, stability, 
and susceptibility to hydrolysis and proteolysis. See, e.g., 
Morgan et al., 1989, Ann Rep Med Chem 24:243—252. The 
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folloWing describes methods for preparing peptide mimetics 
modi?ed at the N-terminal amino group, the C-terminal 
carboxyl group, and/or changing one or more of the amido 
linkages in the peptide to a non-amido linkage. It being 
understood that tWo or more such modi?cations can be 
coupled in one peptide mimetic structure (e.g., modi?cation 
at the C-terminal carboxyl group and inclusion of a —CH2 
carbamate linkage betWeen tWo amino acids in the peptide). 

1. N-terminal Modi?cations 
The peptides typically are synthesiZed as the free acid but, 

as noted above, could be readily prepared as the amide or 
ester. One can also modify the amino and/or carboxy ter 
minus of the peptide compounds to produce other com 
pounds. Amino terminus modi?cations include methylation 
(i.e., —NHCH3 or —NH(CH3)2), acetylation, adding a ben 
Zyloxycarbonyl group, or blocking the amino terminus With 
any blocking group containing a carboxylate functionality 
de?ned by RCOO—, Where R is selected from the group 
consisting of naphthyl, acridinyl, steroidyl, and similar 
groups. Carboxy terminus modi?cations include replacing 
the free acid With a carboxamide group or forming a cyclic 
lactam at the carboxy terminus to introduce structural con 
straints. 
Amino terminus modi?cations are as recited above and 

include alkylating, acetylating, adding a carbobenZoyl 
group, forming a succinimide group, etc. (see, e.g., Murray 
et al., Burger’s Medicinal Chemistry and Drug Discovery, 
5th Ed., Vol. 1, Wolf, ed., John Wiley and Sons, Inc. (1995)) 
Speci?cally, the N-terminal amino group can then be reacted 
as folloWs: 

a) to form an amide group of the formula RC(O)NH— 
Where R is as de?ned above by reaction With an acid halide 
(e.g., RC(O)Cl) or symmetric anhydride. Typically, the 
reaction can be conducted by contacting about equimolar or 
excess amounts (e.g., about 5 equivalents) of an acid halide 
to the peptide in an inert diluent (e.g., dichloromethane) 
preferably containing an excess (e.g., about 10 equivalents) 
of a tertiary amine, such as diisopropylethylamine, to scav 
enge the acid generated during reaction. Reaction conditions 
are otherWise conventional (e.g., room temperature for 30 
minutes). Alkylation of the terminal amino to provide for a 
loWer alkyl N-substitution folloWed by reaction With an acid 
halide as described above Will provide for N-alkyl amide 
group of the formula RC(O)NR—; or 

b) to form a succinimide group by reaction With succinic 
anhydride. As before, an approximately equirnolar amount 
or an excess of succinic anhydride (e. g., about 5 equivalents) 
can be employed and the amino group is converted to the 
succinimide by methods Well knoWn in the art including the 
use of an excess (e.g., ten equivalents) of a tertiary amine 
such as diisopropylethylamine in a suitable inert solvent 
(e.g., dichloromethane). See, for example, Wollenberg et al., 
US. Pat. No. 4,612,132 Which is incorporated herein by 
reference in its entirety. It is understood that the succinic 
group can be substituted With, for example, C2—C6 alkyl or 
—SR substituents Which are prepared in a conventional 
manner to provide for substituted succinimide at the N-ter 
minus of the peptide. Such alkyl substituents are prepared by 
reaction of a loWer ole?n (C2—C) With maleic anhydride in 
the manner described by Wollenberg et al., supra and —SR 
substituents are prepared by reaction of RSH With maleic 
anhydride Where R is as de?ned above; or 

c) to form a benZyloxycarbonyl-NH— or a substituted 
benZyloxycarbonyl-NH— group by reaction With approxi 
mately an equivalent amount or an excess of CBZ-Cl (i.e., 
benZyloxycarbonyl chloride) or a substituted CBZ-Cl in a 
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suitable inert diluent (e.g., dichloromethane) preferably con 
taining a tertiary amine to scavenge the acid generated 
during the reaction; or 

d) to form a sulfonamide group by reaction With an 
equivalent amount or an excess (e.g., 5 equivalents) of 
R—S(O)2Cl in a suitable inert diluent (dichloromethane) to 
convert the terminal amine into a sulfonamide Where R is as 
de?ned above. Preferably, the inert diluent contains excess 
tertiary amine (e.g., ten equivalents) such as diisopropyl 
ethylamine, to scavenge the acid generated during reaction. 
Reaction conditions are otherWise conventional (e.g., room 
temperature for 30 minutes); or 

e) to form a carbamate group by reaction With an equiva 
lent amount or an excess (e.g., 5 equivalents) of R—OC(O) 
Cl or R—OC(O)OC6H4-p-NO2 in a suitable inert diluent 
(e.g., dichloromethane) to convert the terminal amine into a 
carbamate Where R is as de?ned above. Preferably, the inert 
diluent contains an excess (e.g., about 10 equivalents) of a 
tertiary amine, such as diisopropylethylamine, to scavenge 
any acid generated during reaction. Reaction conditions are 
otherWise conventional (e.g., room temperature for 30 min 
utes); or 

f) to form a urea group by reaction With an equivalent 
amount or an excess (e.g., 5 equivalents) of R—N=C=O 
in a suitable inert diluent (e.g., dichloromethane) to convert 
the terminal amine into a urea (i.e., RNHC(O)NH—) group 
Where R is as de?ned above. Preferably, the inert diluent 
contains an excess (e.g., about 10 equivalents) of a tertiary 
amine, such as diisopropylethylamine. Reaction conditions 
are otherWise conventional (e.g., room temperature for about 

30 minutes). 
2. C-terminal Modi?cations 
In preparing peptide mimetics Wherein the C-terminal 

carboxyl group is replaced by an ester (i.e., —C(O)OR 
Where R is as de?ned above), the resins used to prepare the 
peptide acids are employed, and the side chain protected 
peptide is cleaved With base and the appropriate alcohol, 
e.g., methanol. Side chain protecting groups are then 
removed in the usual fashion by treatment With hydrogen 
?uoride to obtain the desired ester. 

In preparing peptide mimetics Wherein the C-terminal 
carboxyl group is replaced by the amide —C(O)NR3R4, a 
benZhydrylamine resin is used as the solid support for 
peptide synthesis. Upon completion of the synthesis, hydro 
gen ?uoride treatment to release the peptide from the 
support results directly in the free peptide amide (i.e., the 
C-terminus is —C(O)NH2). Alternatively, use of the chlo 
romethylated resin during peptide synthesis coupled With 
reaction With ammonia to cleave the side chain protected 
peptide from the support yields the free peptide amide and 
reaction With an alkylamine or a dialkylamine yields a side 
chain protected alkylamide or dialkylamide (i.e., the C-ter 
minus is —C(O)NRR1 Where R and R1 are as de?ned 
above). Side chain protection is then removed in the usual 
fashion by treatment With hydrogen ?uoride to give the free 
amides, alkylamides, or dialkylamides. 

In another alternative embodiment, the C-terminal car 
boxyl group or a C-terminal ester can be induced to cycliZe 
by internal displacement of the —OH or the ester (—OR) of 
the carboxyl group or ester respectively With the N-terminal 
amino group to form a cyclic peptide. For example, after 
synthesis and cleavage to give the peptide acid, the free acid 
is converted to an activated ester by an appropriate carboxyl 
group activator such as dicyclohexylcarbodiimide (DCC) in 
solution, for example, in methylene chloride (CHZCIZ), 
dimethyl formamide (DMF) mixtures. The cyclic peptide is 
then formed by internal displacement of the activated ester 
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With the N-terminal amine. Internal cycliZation as opposed 
to polymeriZation can be enhanced by use of very dilute 
solutions. Such methods are Well knoWn in the art. 
One can also cycliZe the peptides herein, or incorporate a 

desamino or descarboxy residue at the termini of the peptide, 
so that there is no terminal amino or carboxyl group, to 
decrease susceptibility to proteases or to restrict the confor 
mation of the peptide. C-terminal functional groups of the 
compounds include amide, amide loWer alkyl, amide 
di(loWer alkyl), loWer alkoxy, hydroxy, and carboxy, and the 
loWer ester derivatives thereof, and the pharmaceutically 
acceptable salts thereof. 

In addition to the foregoing N-terminal and C-terminal 
modi?cations, the peptide compounds , including peptido 
mimetics, can advantageously be modi?ed With or 
covalently coupled to one or more of a variety of hydrophilic 
polymers. It has been found that When the peptide com 
pounds are derivatiZed With a hydrophilic polymer, their 
solubility and circulation half-lives are increased and their 
immunogenicity is masked. Quite surprisingly, the forego 
ing can be accomplished With little, if any, diminishment in 
their binding activity. Nonproteinaceous polymers suitable 
for use include, but are not limited to, polyalkylethers as 
exempli?ed by polyethylene glycol and polypropylene gly 
col, polylactic acid, polyglycolic acid, polyoxyalkenes, 
polyvinylalcohol, polyvinylpyrrolidone, cellulose and cel 
lulose derivatives, dextran and dextran derivatives, etc. 
Generally, such hydrophilic polymers have an average 
molecular Weight ranging from about 500 to about 100,000 
daltons, more preferably from about 2,000 to about 40,000 
daltons and, even more preferably, from about 5,000 to 
about 20,000 daltons. In preferred embodiments, such 
hydrophilic polymers have an average molecular Weights of 
about 5,000 daltons, 10,000 daltons and 20,000 daltons. 
The peptide compounds can be derivatiZed With or 

coupled to such polymers using, but not limited to, any of 
the methods set forth in Zallipsky, 1995, Bioconjugate Chem 
6:150—165 and Monfardini et al., 1995, Bioconjugate Chem 
6:62—69, all of Which are incorporated by reference in their 
entirety herein. 

In a presently preferred embodiment, the peptide com 
pounds are derivatiZed With polyethylene glycol (PEG). 
PEG is a linear, Water-soluble polymer of ethylene oxide 
repeating units With tWo terminal hydroxyl groups. PEGs are 
classi?ed by their molecular Weights Which typically range 
from about 500 daltons to about 40,000 daltons. In a 
presently preferred embodiment, the PEGs employed have 
molecular Weights ranging from 5,000 daltons to about 
20,000 daltons. PEGs coupled to the peptide compounds can 
be either branched or unbranched. (see, e.g., Monfardini et 
al., 1995, Bioconjugate Chem 6:62—69). PEGs are commer 
cially available from ShearWater Polymers, Inc. (Huntsville, 
Ala.), Sigma Chemical Co. and other companies. Such PEGs 
include, but are not limited to, monomethoxypolyethylene 
glycol (MePEG-OH), monomethoxypolyethylene glycol 
succinate (MePEG-S), monomethoxypolyethylene glycol 
succinimidyl succinate (MePEG-S-NHS), monomethoxy 
polyethylene glycol-amine (MePEG-NHZ), 
monomethoxypolyethylene glycol-tresylate (MePEG 
TRES), and monomethoxypolyethylene glycol-imidaZolyl 
carbonyl (MePEG-IM). 

Brie?y, in one exemplar embodiment, the hydrophilic 
polymer Which is employed, e.g., PEG, is preferably capped 
at one end by an unreactive group such as a methoxy or 
ethoxy group. Thereafter, the polymer is activated at the 
other end by reaction With a suitable activating agent, such 
as cyanuric halides (e.g., cyanuric chloride, bromide or 



US 6,994,979 B2 
15 

?uoride), diimadoZle, an anhydride reagent (e.g., a dihalo 
succinic anhydride, such as dibromosuccinic anhydride), 
acyl aZide, p-diaZoiumbenZyl ether, 3-(p-diaZoniumphe 
noXy)-2-hydroXypropylether) and the like. The activated 
polymer is then reacted With a peptide compound disclosed 
or taught herein to produce a peptide compound derivatiZed 
With a polymer. Alternatively, a functional group in the 
peptide compounds can be activated for reaction With the 
polymer, or the tWo groups can be joined in a concerted 
coupling reaction using knoWn coupling methods. It Will be 
readily appreciated that the peptide compounds can be 
derivatiZed With PEG using a myriad of reaction schemes 
knoWn to and used by those of skill in the art. 

In addition to derivatiZing the peptide compounds With a 
hydrophilic polymer (e.g., PEG), it has been discovered that 
other small peptides, e. g., other peptides or ligands that bind 
to a receptor, can also be derivatiZed With such hydrophilic 
polymers With little, if any, loss in biological activity (e.g., 
binding activity, agonist activity, antagonist activity, etc.). It 
has been found that When these small peptides are deriva 
tiZed With a hydrophlilic polymer, their solubility and cir 
culation half-lives are increased and their immunogenicity is 
decreased. Again, quite surprisingly, the foregoing can be 
accomplished With little, if any, loss in biological activity. In 
fat, in preferred embodiments, the derivatiZed peptides have 
an activity that is 0.1 to 0.01-fold that of the unmodi?ed 
peptides. In more preferred embodiments, the derivatiZed 
peptides have an activity that is 0.1 to 1-fold that of the 
unmodi?ed peptides. In even more preferred embodiments, 
the dcrivatiZcd peptides have an activity that is greater than 
the unmodi?ed peptides. 

Peptides suitable for use in this embodiment generally 
include those peptides, i.e., ligands, that bind to members of 
the Bcl-2 receptor family. Such peptides typically comprise 
about 150 amino acid residues or less and, more preferably, 
about 100 amino acid residues or less (e.g., about 10—12 
kDa). Hydrophilic polymers suitable for useherein include, 
but are not limited to, polyalkylethers as exempli?ed by 
polyethylene glycol and polypropylene glycol, polylactic 
acid, polyglycolic acid, polyoXyalkenes, polyvinylalcohol, 
polyvinylpyrrolidone, cellulose and cellulose derivatives, 
deXtran and deXtran derivatives, etc. Generally, such hydro 
philic polymers have an average molecular Weight ranging 
from about 500 to about 100,000 daltons, more preferably 
from about 2,000 to about 40,000 daltons and, even more 
preferably, from about 5,000 to about 20,000 daltons. In 
preferred embodiments, such hydrophilic polymers have an 
average molecular Weights of about 5,000 daltons, 10,000 
daltons and 20,000 daltons. The peptide compounds can be 
derivatiZed With using the methods described above and in 
the cited references. 

D. Backbone Modi?cations 
Other methods for making peptide derivatives of the 

compounds described herein are described in Hruby et al., 
1990, Biochem J 268(2):249—262, incorporated herein by 
reference. Thus, the peptide compounds also serve as struc 
tural models for non-peptidic compounds With similar bio 
logical activity. Those of skill in the art recogniZe that a 
variety of techniques are available for constructing com 
pounds With the same or similar desired biological activity 
as the lead peptide compound but With more favorable 
activity than the lead With respect to solubility, stability, and 
susceptibility to hydrolysis and proteolysis. See Morgan et 
al., 1989, Ann Rep Med Chem 24:243—252, incorporated 
herein by reference. These techniques include replacing the 
peptide backbone With a backbone composed of phospho 
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nates, amidates, carbamates, sulfonamides, 
amines, and N-methylamino acids. 

Peptide mimetics Wherein one or more of the peptidyl 
linkages [—C(O)NH—] have been replaced by such link 
ages as a —CHZ-carbamate linkage, a phosphonate linkage, 
a —CH2-sulfonamide linkage, a urea linkage, a secondary 
amine (—CH2NH—) linkage, and an alkylated peptidyl 
linkage [—C(O)NR6— Where R6 is loWer alkyl] are pre 
pared during conventional peptide synthesis by merely sub 
stituting a suitably protected amino acid analogue for the 
amino acid reagent at the appropriate point during synthesis. 

Suitable reagents include, for eXample, amino acid ana 
logues Wherein the carboXyl group of the amino acid has 
been replaced With a moiety suitable for forming one of the 
above linkages. For eXample, if one desires to replace a 
—C(O)NR— linkage in the peptide With a —CHZ-carbam 
ate linkage (—CH2OC(O)NR—), then the carboXyl 
(—COOH) group of a suitably protected amino acid is ?rst 
reduced to the —CH2 OH group Which is then converted by 
conventional methods to a —OC(O)Cl functionality or a 
para-nitrocarbonate —OC(O)O—C6H4-p-NO2 functional 
ity. Reaction of either of such functional groups With the free 
amine or an alkylated amine on the N-terminus of the 
partially fabricated peptide found on the solid support leads 
to the formation of a —CH2OC(O)NR— linkage. For a 
more detailed description of the formation of such —CH2 
carbamate linkages, see Cho et al., 1993, Science 261: 
1303—1305. 

Similarly, replacement of an amido linkage in the peptide 
With a phosphonate linkage can be achieved in the manner 
set forth in US. patent applications Ser. Nos. 07/943,805, 
08/081,577 and 08/119,700, the disclosures of Which are 
incorporated herein by reference in their entirety. 

Replacement of an amido linkage in the peptide With a 
—CH2-sulfonamide linkage can be achieved by reducing the 
carboXyl (—COOH) group of a suitably protected amino 
acid to the —CHZOH group and the hydroXyl group is then 
converted to a suitable leaving group such as a tosyl group 
by conventional methods. Reaction of the tosylated deriva 
tive With, for eXample, thioacetic acid folloWed by hydroly 
sis and oXidative chlorination Will provide for the —CH2—S 
(O)2Cl functional group Which replaces the carboXyl group 
of the otherWise suitably protected amino acid. Use of this 
suitably protected amino acid analogue in peptide synthesis 
provides for inclusion of an —CH2S(O)2NR— linkage 
Which replaces the amido linkage in the peptide thereby 
providing a peptide mimetic. For a more complete descrip 
tion on the conversion of the carboXyl group of the amino 
acid to a —CH2S(O)2Cl group, see, for example, Weinstein, 
Chemistry & Biochemistry of Amino Acids, Peptides and 
Proteins, Vol. 7, pp. 267—357, Marcel Dekker, Inc., NeW 
York (1983) Which is incorporated herein by reference. 

secondary 

Replacement of an amido linkage in the peptide With a 
urea linkage can be achieved in the manner set forth in US. 
patent application Ser. No. 08/147,805, Which is incorpo 
rated herein by reference. 

Secondary amine linkages Wherein a CHZNH linkage 
replaces the amido linkage in the peptide can be prepared by 
employing, for eXample, a suitably protected dipeptide ana 
logue Wherein the carbonyl bond of the amido linkage has 
been reduced to a CH2 group by conventional methods. For 
eXample, in the case of diglycine, reduction of the amide to 
the amine Will yield after deprotection 
HZNCHZCHZNHCHZCOOH Which is then used in N-pro 
tected form in the neXt coupling reaction. The preparation of 
such analogues by reduction of the carbonyl group of the 
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amido linkage in the dipeptide is Well known in the art (see, 
e.g., Remington, 1994, Meth Mol Bio 35:241—247). 

The suitably protected amino acid analogue is employed 
in the conventional peptide synthesis in the same manner as 
Would the corresponding amino acid. For example, typically 
about 3 equivalents of the protected amino acid analogue are 
employed in this reaction. An inert organic diluent such as 
methylene chloride or DMF is employed and, When an acid 
is generated as a reaction by-product, the reaction solvent 
Will typically contain an excess amount of a tertiary amine 
to scavenge the acid generated during the reaction. One 
particularly preferred tertiary amine is diisopropylethy 
lamine Which is typically employed in about 10 fold excess. 
The reaction results in incorporation into the peptide 
mimetic of an amino acid analogue having a non-peptidyl 
linkage. Such substitution can be repeated as desired such 
that from Zero to all of the amido bonds in the peptide have 
been replaced by non-amido bonds. 

One can also cycliZe the peptides described herein, or 
incorporate a desamino or descarboxy residue at the terminii 
of the peptide, so that there is no terminal amino or carboxyl 
group, to decrease susceptibility to proteases or to restrict 
the conformation of the peptide. C-terminal functional 
groups of the compounds include amide, amide loWer alkyl, 
amide di(loWer alkyl), loWer alkoxy, hydroxy, and carboxy, 
and the loWer ester derivatives thereof, and the pharmaceu 
tically acceptable salts thereof. 

E. Disul?de Bond Formation 

The compounds described herein may exist in a cycliZed 
form With an intramolecular disul?de bond betWeen the thiol 
groups of the cysteines. Alternatively, an intermolecular 
disul?de bond betWeen the thiol groups of the cysteines can 
be produced to yield a dimeric (or higher oligomeric) 
compound. One or more of the cysteine residues may also be 
substituted With a homocysteine. 

Other embodiments of this invention provide for analogs 
of these disul?de derivatives in Which one of the sulfurs has 
been replaced by a CH2 group or other isostere for sulfur. 
These analogs can be made via an intramolecular or inter 
molecular displacement, using methods knoWn in the art. 

Alternatively, the amino-terminus of the peptide can be 
capped With an alpha-substituted acetic acid, Wherein the 
alpha substituent is a leaving group, such as an ot-haloacetic 
acid, for example, ot-chloroacetic acid, ot-bromoacetic acid, 
or ot-iodoacetic acid. The compounds can be cycliZed or 
dimeriZed via displacement of the leaving group by the 
sulfur of the cysteine or homocysteine residue. See, e.g., 
Andreu et al., 1994, Meth Mol Bio 35(7):91—169; Barker et 
al., 1992, J Med Chem 35:2040—2048; and Or et al., 1991, 
J Org Chem 56:3146—3149, each of Which is incorporated 
herein by reference. 

The present peptides may also be prepared by recombi 
nant DNA techniques Well knoWn in the art. 

IV. Antibody Preparation 
Antibodies against the loop domain of Bcl-2. The N-ter 

minal loop region of Bcl-2 can be expressed and used as an 
antigen to develop anti-Bcl-2/N-terminal loop region anti 
bodies. These antibodies, by binding to the loop domain of 
Bcl-2, can mimic the activity of TR3 in the induction of a 
conformational change of Bcl-2 Which Will expose the 
hidden BH3 domain and confer pro-apoptotic activity to the 
Bcl-2 protein. 

Further, Bcl-XL can be expressed and used as an antigen 
to develop anti-Bcl-XL antibodies. Antibodies Which mimic 
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the activity of TCTP may be identi?ed. The antibodies may 
then be used for therapeutics and diagnostics comparably to 
those identi?ed for Bcl-2. 
The terms “antibody” or “antibody peptide(s)” refer to an 

intact antibody, or a binding fragment thereof that competes 
With the intact antibody for speci?c binding. Binding frag 
ments are produced by recombinant DNA techniques, or by 
enZymatic or chemical cleavage of intact antibodies. Bind 
ing fragments include Fab, Fab‘, F(ab‘)2, Fv, and single 
chain antibodies. An antibody other than a “bispeci?c” or 
“bifunctional” antibody is understood to have each of its 
binding sites identical. An antibody substantially inhibits 
adhesion of a receptor to a counterreceptor When an excess 
of antibody reduces the quantity of receptor bound to 
counterreceptor by at least about 20%, 40%, 60% or 80%, 
and more usually greater than about 85% (as measured in an 
in vitro competitive binding assay). 
The term “epitope” includes any protein determinant 

capable of speci?c binding to an immunoglobulin or T-cell 
receptor. Epitopic determinants usually consist of chemi 
cally active surface groupings of molecules such as amino 
acids or sugar side chains and usually have speci?c three 
dimensional structural characteristics, as Well as speci?c 
charge characteristics. An antibody is said to speci?cally 
bind an antigen When the dissociation constant is 21 nM, 
preferably i100 nM and most preferably 210 nM. 

Antibody Structure 
The basic antibody structural unit is knoWn to comprise a 

tetramer. Each tetramer is composed of tWo identical pairs of 
polypeptide chains, each pair having one “light” (about 25 
kDa) and one “heavy” chain (about 50—70 kDa). The amino 
terminal portion of each chain includes a variable region of 
about 100 to 110 or more amino acids primarily responsible 
for antigen recognition. The carboxy-terminal portion of 
each chain de?nes a constant region primarily responsible 
for effector function. Human light chains are classi?ed as 
kappa and lambda light chains. Heavy chains are classi?ed 
as mu, delta, gamma, alpha, or epsilon, and de?ne the 
antibody’s isotype as IgM, IgD, IgA, and IgE, respectively. 
Within light and heavy chains, the variable and constant 
regions are joined by a “J” region of about 12 or more amino 
acids, With the heavy chain also including a “D” region of 
about 10 more amino acids. See generally, Fundamental 
Immunology Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, NY. 
(1989)) (incorporated by reference in its entirety for all 
purposes). The variable regions of each light/heavy chain 
pair form the antibody binding site. Thus, an intact antibody 
has tWo binding sites. Except in bifunctional or bispeci?c 
antibodies, the tWo binding sites are the same. 
The chains all exhibit the same general structure of 

relatively conserved frameWork regions (FR) joined by three 
hyper variable regions, also called complementarity deter 
mining regions or CDRs. The CDRs from the tWo chains of 
each pair are aligned by the frameWork regions, enabling 
binding to a speci?c epitope. From N-terminal to C-termi 
nal, both light and heavy chains comprise the domains FR1, 
CDR1, FR2, CDR2, FR3, CDR3 and FR4. The assignment 
of amino acids to each domain is in accordance With the 
de?nitions of Kabat Sequences ofProteins of Immunological 
Interest (National Institutes of Health, Bethesda, Md. (1987 
and 1991)), or Chothia & Lesk J. Mol. Biol. 196:901—917 
(1987); Chothia et al. Nature 342:878—883 (1989). 

Abispeci?c or bifunctional antibody is an arti?cial hybrid 
antibody having tWo different heavy/light chain pairs and 
tWo different binding sites. Bispeci?c antibodies can be 
produced by a variety of methods including fusion of 






























